In this paper, the evolution process of microstructures of fine-grained marble and coarse-grained marble under cyclic dynamic impact is studied. The split Hopkins pressure bars (SHPB) are used to apply multiple impacts on rock samples with a constant dynamic stress. And the microstructural changes caused by each impact were detected by a nuclear magnetic resonance (NMR) system. Porosity, transverse relaxation time (T 2 ) spectral distribution, pore size distribution and magnetic resonance imaging under different dynamic impact cycles were obtained, and the evolution of the T 2 cutoff value (T 2c ) of the rock was obtained by combining the centrifugal technique to calculate the permeability. The pores were classified into two categories according to the pore size and the fluidity of the fluid in the pores to study the effect of impact on the pore connectivity. According to the results of X-ray fluorescence (XRF) and X-ray diffractometry (XRD), it is found that the two marbles are the same in mineral composition but different in composition ratios. Due to the difference in particle size of marble and the difference in the number of pores, the magnitudes of microstructure changes of the two marbles are different, but they have a consistent trend: under the cyclic dynamic impact, the porosity of the two marbles gradually decreases, the pore size continues to decrease, the marble framework is compacted, the pore structure is gradually closed, and the permeability is weakened. The weakening of rock permeability is mainly caused by the overall decrease in pore size and loss of pore connectivity.
I. INTRODUCTION
The behavior of rocks under dynamic loading and cyclic loading (fatigue loading) has attracted much attention [1] - [5] . When a heterogeneous porous material such as rock is subjected to a load, the micro-defects such as micropores and micro-cracks existing in the interior will change, resulting in different macroscopic performances of the rock. The changes of these micro-defects have an important impact on the macroscopic mechanical behavior and physical properties of rock masses. The structural stability of rock engineering depends to a large extent on the distribution of pore cracks on the microscale and the influence of external factors such as cyclic dynamic loads and impact loads on the evolution of cracks. The micros defects occurring naturally in the rock The associate editor coordinating the review of this article and approving it for publication was Bora Onat. will change while the rocks are disturbed by external factors such as the dynamic loads or impact wave. Due to the difference in rock composition and the load, the micro-defects often show two opposite changes, one is microcrack generation, expansion and penetration, and the other is the micropore compression and even closure. From the destruction of microstructure to the appearance of macroscopic deformations, it is a lasting process in terms of time and action. Rock samples often experience impact loading processes of multiple cycles. Therefore, the cracks inside the rock are characterized and quantified at the microscopic scale, and the evolution of the microstructure after cyclic dynamic impact is studied to understand the response of the rock under dynamic impact stress, it is crucial to better predict macro mechanical behavior of the rock engineering.
Rocks or concrete structure in actual engineering are often subjected to cyclic loading and unloading. The forms mainly VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ include uniaxial, triaxial compression and indirect shear with low strain rate, and dynamic impact with high strain rate. There are many studies on the macroscopic mechanical properties and damage mechanisms of rock and concrete under cyclic loading and unloading [6] - [9] . However, from the evolution of microstructures, there are few studies on the damage mechanism of cyclic loading and unloading under uniaxial [10] - [13] , triaxial compression [14] , [15] and indirect shearing [16] - [19] .
It is rare to study the microstructural evolution of rocks under cyclic dynamic impact. According to the author's previous research [20] , it is found that when the red sandstone is in the state of subcritical crack propagation under a certain impact pressure with SHPB system, the dynamic impact will lead to the gradual increase of the porosity, the longitudinal wave velocity decreases, and the internal microcracks coalesce and expand. Multiple power loadings can cause macroscopic damage to the rock. Liu et al. [21] conducted NMR and ultrasonic pulse tests on granite that underwent cyclic dynamic impact with SHPB system, and he founded that dynamic impact make the porosity decrease, p-wave velocity increase and internal structure become dense in the process of elastic deformation. Yan et al. [22] obtained structure and distribution characteristics of pores in weakly weathered granite with different porosity through NMR, and he found that attenuation of stress wave propagation, initial tangent modulus and energy dissipation in the following SHPB test are related to porosity, pore structure and pore distribution. Yan et al. [23] also combined NMR test and triaxial seepage test to study the mechanical properties, porosity evolution and permeability coefficient changes of granite under constant speed cyclic impact and variable speed cyclic impact. And under the action of constant velocity cyclic impact, the porosity and permeability of granite decrease first and then maximum. And the greater the initial porosity of the rock, the less obvious the degree of compaction caused by the previous disturbance.
In real life, many shallow geotechnical engineering bodies such as open pit slopes, tunnels, highway slopes, road subgrades, etc., in addition to being subjected to constant static loads for a long period of time, are also difficult to avoid due to human activities. the dynamic load to bear short-term cycle, the role of this dynamic loading and unloading charges will cause periodic changes in geotechnical bearing capacity, based on this, we selected two different grain sizes of marble for the study, The SHPB system was used to apply the dynamic impact of 0.3MPa pressure, and the NMR system was used to obtain the microstructure parameters of the marble after the impact. The development of the microstructure and pore structure connectivity of the marble was studied.
II. MATERIALS AND METHODS

A. SPECIMEN PREPARATION
The rock materials used in this study include two coarsegrained marbles from Guangdong Province and three fine-grained marbles from Yunnan Province in China. Marble is a typical metamorphic rock and used widely as a building material. The selected materials have great practical significance. To ensure consistency and comparability of the sample test data, the same type of samples were taken from the same piece of fresh rock. According to the relevant requirements in the method recommended by the International Society of Rock Mechanics (ISRM) [24] , [25] , cylindrical specimens with a diameter and height of 50 mm are machined, and the dimensions and accuracy of the specimens are within the allowable error range.
Some basic physical properties of two marbles were measured: the density of fine-grained marble is 2844.64 kg/m 3 while the coarse-grained marble is 2724.20 kg/m 3 ; the average porosity of fine-grained marble is 1.164%, but the coarse-grained marble is 0.737%; the P-wave velocity of fine-grained marble is 5933.00 m/s compared to 6060.74 m/s for the coarse-grained marble. The average uniaxial compressive strength (UCS) of fine-grained marble is 248.54MPa, the average USC of coarse-grained marble is 260.95MPa.The fracture morphology of the marble after the cyclic impact damage is shown in Figure 1 . The mineral composition of the marble obtained by XRD is shown in Table 1 . The mineral composition of the marble obtained by XRF is listed in Table 2 . For marbles with the same mineral particle size, the XRF signals shown in Figure 1 are very similar, indicating that the mineral composition and proportion of the rocks are similar. 
B. CYCLIC DYNAMIC IMPACT TEST
The cyclic dynamic impact test adopted the SHPB system that developed by the school of resources and safety engineering, Central South University, China [26] , [27] . In order to avoid the inconsistent effect of water on the rock under different moisture conditions during the impact process [28] . Therefore, this experimental study puts the rock sample in a dry state during the impact. In order to ensure that the rock is in this state every time the rock is loaded, the saturated or centrifugal rock sample subjected to the nuclear magnetic test is placed in the baking box. Drying at 60 • C for 12 hours, the maximum temperature of 60 • C is chosen to avoid thermal stress during the drying process to destroy the microstructure of the rock [29] - [31] . In order to obtain a moderate number of NMR mesoscopic damage parameters before the rock is destroyed, the mesoscopic damage evolution process of the rock under subcritical crack propagation is studied in more detail. The cyclic impact test was carried out with an impact pressure of 0.3MPa.
The dynamic impact described below specifically refers to the impact pressure of 0.3MPa. According to the literature [32] , when the peak stress of the impact does not exceed the elastic limit of the rock (less than 60% ∼ 70% of its UCS), there will be no crack propagation inside the rock and no macroscopic damage. The relationship between the impact stress peak of the SHPB system acting on marble and the elastic deformation threshold of marble is shown in Figure 2 . It can be found that the stress peak generated by the impact pressure of 0.3MPa is less than the elastic deformation threshold. The rock is in an elastic deformation state when subjected to impact stress.
C. NMR TEST AND EXPERIMENTAL PROCEDURES
The NMR test uses the AiniMR-150 rock magnetic resonance imaging analysis system. This system is being used more and more widely in the field of geotechnical engineering [33] - [36] . The magnetic field strength range is 0.3T±0.05T, and the RF pulse frequency is in the range of 2MHz∼49.9MHz with an accuracy of 0.1MHz. The volume of water obtained by NMR testing of the rock sample in the fully saturated state is the volume of the pores of the rock. Therefore, the sample needs to be fully saturated before the nuclear magnetic resonance test. A core vacuum saturation device with a vacuum pressure of 0.1MPa was used. The dry pumping time is 240 minutes, the wet pumping time is 120 minutes, and then naturally placed for 48 hours, allowing the water to completely enter the open pores and close the pores.
After each dynamic impact test, each sample was subjected to water saturation treatment and nuclear magnetic resonance measurement. The nuclear magnetic microscopic parameters such as the porosity and T 2 spectrum distribution of the rock after each impact were obtained. In addition, for the rock in the initial state, the third impact and the sixth impact, the NMR test of the rock sample under Sw=Swi (bound water saturation) is used to obtain the T 2c value for different impact times [31] . Among them, the bound water saturation state is achieved by centrifuging the saturated water sample with 4000rpa for working speed, 2810 × g for maximum centrifugal force and 90 minutes for centrifugation time, 90 minutes is the time when the porosity is essentially unchanged by centrifugation. The experimental procedure flow and related instruments are shown in Figure 3 .
III. RESULTS AND ANALYSIS A. EVOLUTION OF T2 AND PORE SIZE DISTRIBUTION
NMR technology performs imaging and measurement of porosity by detecting fluid media inside objects such as rocks. When the pores in the rock are completely saturated, the test magnetic field is uniform (G is small), and when short TE is used, the volume is small. The relaxation rate and diffusion relaxation rate are negligible. The T 2 relaxation rate can be expressed as [34] , [37] :
where T 2 represents transverse relaxation time, ms, ρ 2 represents surface relaxation strength of rock, µm/ms, (S/V) pore represents the ratio of surface area to the volume of pore in rock, µm −1 . It can be seen that the transverse relaxation time T 2 value of each specific size pore is proportional to the specific surface area of the pore. The pores inside the rock can be approximated to have the same shape of a spherical or columnar. For spherical or columnar regular pores, it is found that (S/V) pore has a negative linear correlation with the pore radius and can be expressed as:
where r c represents pore radius, µm, F s is the pore shape factor, and the authors found through calculation that F s = 3 for spherical pores. However, for columnar pores, the F s value is proportional to the height-to-diameter ratio of the cylindrical pores. When the height-to-diameter ratio is 1, F s = 3; when the height-to-diameter ratio is close to infinity, F s = 2, and the value of F s is basically between 2 and 3. Since the height-to-diameter ratio of the pores obtained during NMR transverse relaxation is not too large [38] , [39] , the value of F s in this paper takes the value when the height-to-diameter ratio is 2, that is, F s = 2.5. Combining formula (1) and formula (2), the relationship between the T 2 value obtained by NMR test and the pore diameter can be expressed as:
Many studies have shown that the ρ 2 of rock is closely related to the content of mineral components [40] - [44] . Among them, literature [41] obtains ρ 2 = 0.005µm/ms or ρ 2 = 0.003µm/ms for sandstone; literature [44] shows that the ρ 2 of limestone range from 0.003µm/ms to 0.005µm/ms. According to the XRD analysis of marble in Table 2 , the main components of the marbles selected in this study are carbonates dominated by calcium carbonate, which have a similar composition as limestone composed by calcium carbonate. Therefore, in this study, the ρ 2 of marble is selected as ρ 2 = 0.004µm/ms, which is same as the mean value of limestone. Then the relationship between the pore size and the time distribution of T 2 can be expressed as:
According to the principle of NMR testing, the pore size is positively correlated with the T 2 value, and the peak value of the T 2 spectrum is positively correlated with the number of pores in the corresponding T 2 value range. Figure 4 shows the T 2 spectral distribution and pore size distribution of marble under different impact times. The gray and yellow regions in the figure represent the T 2 spectrum distribution in the initial state and after cyclic shock. The curve with an arrow indicates the trend of the peak as the number of impacts increases.
From the T 2 spectral distribution and pore size distribution, it can be found that the microstructure evolution process of the two marbles is as follows:
(1) In the initial state, the T 2 spectral distributions of the two kinds of marbles are discontinuous, and the peak1 are disconnected with peak2 and peak3, indicating that the pore sizes existing inside the marbles are discontinuous. In the study of initial T 2 spectrum for 5 samples, it is found that the distribution of peak1 is quite different. The pore radius represented in the peak2 is about 0.3∼0.38µm, and the pore radius at the peak3 is basically 2.8µm. It can be seen from the peaks value that the number of pores in the fine-grained marble is much larger than that in the coarse-grained marble, so the total porosity of the fine-grained marble is also larger than that of the coarse-grained marble. However, under the cyclic dynamic stress, the T 2 spectral changes of the two marbles have the same trend, and the final transverse relaxation time gradually shifts to the left, and the initial transverse relaxation time shifts to the right, and the peak value of the peak gradually decreases, indicating that the pore in marble reduced in size and quantity after 0.3MPa pressure impact.
(2) For the peak1 which characterizes the distribution of micropores in figure 4 a and b, the spectrum shifts to the right and the peak value decreases during the impact, indicating that the pore size is increased because the size of the mesopores is reduced to micropores; and the quantity of pore is decreased because of the closure of the micropores mainly including the intragranular pores. For the peak2 and peak3, the two marbles behave differently in the magnitude and trend of change after cyclic impact.
(3) For fine-grained marble, the peak2 continues shifts to the left under the cyclic impact, and the size of pores at the peak decreases from 0.38µm to 0.03µm; meanwhile, the amplitude of the peak2 gradually decreases and more intense than coarse-grained marble. For the peak3, during the impact of 1 to 4 times, the peak gradually shifts to the left and the value decreases. But its value decrease and shifts to the right after the fifth impact, Even the sixth impact causes the peak3 to have a continued shift to the right and the peak begin increasing, indicating that the quantity and size of pores in the range of peak3 decrease initially and then increase gradually. After the fourth impact, the pore radius at the peak3 continued to decrease from 2.8µm to 1µm, which was mainly caused by the pores between the grain boundaries being compressed. The pore radius gradually increased after the fifth impact because the grain boundaries is reopened, and the intergranular pores start to increase to 1.8µm after the sixth impact. If the impact operation is continued, the pore diameter will increase to more than 1.8µm.
(4) For the coarse-grained marble as shown in figure 4b , the value of peak3 is larger than peak2 in the initial state. During the cyclic impact process, the peak3 and peak2 gradually shift to the left and the value continuously decrease, the amplitude difference between the two peaks decreased, eventually causing to an assimilation between the values of two peaks. The fact that the peak continuously shift to the left indicates that the impact causes a decrease on pore size. The pore radius at the peak3 is reduced from 2.8µm in the initial state to 0.7µm after six impact, meanwhile, peak2 is reduced just from 0.3µm to 0.1µm. This indicates that the larger the pore size, the more obvious the variation in the pore size after dynamic impact.
B. PORE SIZE DEVELOPMENT
The pore size distribution evolution of the two marbles will be further explained below. Although the marble with different grain size has the same response tendency under the same dynamic impact, there are significant disparity in variation range due to the difference in mineral composition and grain size between the two marbles. It can be seen from the XRD results that the dolomite composition of coarse-grained marble is 67.53%, which is much higher than fine-grained marble with 6.12%. Dolomite is beneficial to the development of macropores and mesopores due to the shape rule [30] the coarse-grained marble is 41µm, which is much larger than the fine-grained marble with pore radius of 24µm. After 6 cycles of impact, the maximum pore size in the coarse-grained marble decreased from 41µm to 2µm, the reduction range was 95.12%, and the fine-grained marble decreased from 24µm to 8µm, with a reduction of 66.67%. The variation on maximum pore size of coarse-grained marble is much larger than that of fine-grained marble, which is caused by the different compression degree on intergranular pores and different mineral contents.
Various pore type classifications have been proposed [30] , [45] , [46] , according to the literature [30] , a pore size classification for carbonate rocks be divided based on the pore radius: I-micropores (0-25 nm), II-micropores (25-100 nm), mesopores (100-1000 nm), and macropores (> 1000 nm). The pore size distributions of the two marbles are divided according to this classification. The porosity of the various pores after different impact times is shown in Figure 5 .
It can be seen from Figure 5 that the total porosity of two kinds of marbles is gradually decreasing as the impact times increases. After 6 cycles of impact, the average porosity of fine-grained marble decreases from 1.164% to 0.918%, the variation range is 21.1%, and the coarse-grained marbles' porosity decreases from 0.737% to 0.443% with an amplitude of 39.9%.The reason for the continuous decrease in the porosity of all marbles is that the pore size is compressed under cyclic dynamic impact. The variation of different types of pores can be more clearly found in Figure 5 . For two marbles, the cyclic impact causes the size of the macropores to be reduced to a degree that is not easily compressed, so that the porosity of the macropores is largely reduced in the early stage and then maintains a flat change. In the process of compaction, more macropores become mesopores, so the porosity of mesopores is firstly increased and then decreased by the control of macropores. II-micropores with lower compressibility is gradually increased due to mesopores replenishment. I-micropores correspond to pores in the range of peak1 in the T2 spectrum. For the reduction of porosity of I-micropores, it is mainly because the size of the pore throat and the isolated organic pores are closed by compression [30] .
It can be inferred from the changes of total porosity and multiple pores that the microstructural changes of marble are irreversible, and this irreversible pore evolution will inevitably lead to change in the pore connectivity of marble.
C. PORE CONNECTIVITY DEVELOPMENT
The T 2 value is proportional to the pore size from Equation 4, and a fixed T 2 value corresponds to a pore size, and the fluid in the pore beyond a certain size is flowable. So the fluid in the relatively large pores can freely enter and exit the pore under certain conditions, but the fluid in the small pores is bound and unmovable. In the laboratory test, the pore category can be determined by the spectral area method to obtain a T 2 value [47]- [49] , that is, the T 2c value, by using the nuclear magnetic resonance measurement results of the saturated sample before and after centrifugation [50] . A pore smaller than the T 2c value is referred to as a bound fluid pore, and a value larger than this value is referred to as a movable fluid pore. Thus, depending on the flowability of the fluid in the pores, the T 2c divides the T 2 distribution into two parts, the movable fluid pores and the bound fluid pores, as shown in Figure 6 . According to the variation of T 2 spectrum as shown Figure 4 and the pores in Figure 5 , the main reason for the decrease in porosity caused by the impact is the overall reduction of the pore size. And the reduction in pore size inevitably leads to a change in pore connectivity, due to the correlation between pore size and pore connectivity. The T 2c values of the two marbles gradually increase under the dynamic impact. The T 2c of fine-grained marble increased from 96.60ms to 120.40ms with an increase ratio of 24.64%, which the demarcation of movable fluid in pore size increased from 0.97µm to 1.20µm, and the coarse-grained marble increased from 86.20ms to 95.30ms while the demarcation increased from 0.86µm to 0.95µm, with a variation ratio of 10.56%. It is shown that the stress wave under the dynamic impact changes the pore structure, the pore size and other factors related to the T 2c value. The confinement of fluids in larger pore sizes indicates that the connectivity between the pores are gradually decreasing. The change ratio of the T 2c value can characterize the loss of pore connectivity. Moreover, the pore volume of the movable fluid in the coarse-grained marble is much smaller than that of the fine-grained marble. For the two types of marbles with the same mineral composition, the varying degrees of T 2c value is positively correlated with the quantity of pores. Fine-grained marbles have more quantity of pores, so the variation of the T 2c value is greater.
It can be seen from T 2c value in the initial state, the third impact and the sixth impact that the T 2c value changed nonlinearly, and the unmeasured T 2c value is obtained by the fitting method. The T 2 spectrums under different impact times is segmented according to the corresponding T 2c value, and the pores are divided into the bound fluid pores and the movable fluid pores. The parameters characterizing the pore structure at each impact are shown in Tables 4 and 5 . Figures 7 (a) and (b) are the pore classifications according to T2c for samples D2 and D5, respectively. As shown in Table 3 , Table 4 and Figure 7 , under the cyclic dynamic impact, the porosity of the movable fluid is gradually reduced, and the porosity of the bound fluid initially increases and then decreases. For fine-grained marble, the cumulative reduction of the movable fluid porosity is 0.312%, the porosity of the bound fluid gradually increased to the maximum value of 0.093% in the third impact, and then slowly decreased, and the increment becomes 0.066% after the sixth impact; For coarse-grained marble, the cumulative reduction of the movable fluid porosity is 0.359%; the development of the bound fluid porosity is similar to that of the fine-grained marble, and increases to the maximum value of 0.094% in the third impact, then slowly decreases and the increment becomes 0.065% after the sixth impact.
The reason why the pore volume of the bound fluid initially increases and then decreases is that the compression amplitude of movable fluid pores and bound fluid pores is different under the impact stress wave. It also can be found that the movable fluid pores volume reduction of coarsegrained marble is larger than that of fine-grained marble, but the increase of bound fluid pores volume is basically same. This is because the quantity of pores in coarse-grained marble is smaller, but the volume of each movable fluid pore is reduced larger, which is consistent with the information presented in the T2 spectrum distribution and pore size distribution. Combined with Table 3 , 4 and Figure 5, 8 , it can be found that the micropores (<100nm) in two marbles are basically bound fluid pores except for the lesser pore throat structure, and the large pores are all movable fluids pores except for the isolated closed pores, also the mesopore is mostly movable fluid pores. Obviously, the permeability of marble is thus mainly governed by the mesopores and macropores. This is consistent with the conclusion obtained in the literature [51] that the micropores are adsorption pores, while the mesopores and macropores are percolation pores. It can be intuitively found from the Figure that with the cumulative impact, the rate of decrease in the movable fluid porosity is larger than that of the macropores, indicating a gradual loss of pore connectivity. Simply quantitatively, the movable fluid porosity in the fine-grained marble is equal to the porosity of the macropores after the second impact, and this state is reached in the coarse-grained marble after the fifth impact. The permeability of marble is only related to some macropores. In summary, under the action of impact stress wave, the pore volume gradually decreases, the connection channel of pores gradually closes, and the loss of pore connectivity has a significant effect on the permeability of marble. In order to evaluate the complexity and connectivity in pore structure, the permeability is used to quantify this development.
D. PERMEABILITY EVOLUTION
Permeability characterizes the ability of porous materials to transport liquids. According to previous studies, permeability is positively correlated with material porosity and pore size, In addition, the permeability is also related to the number of pores, the degree of tortuosity of the fluid flow path [52] , and the connectivity of the pore network [53] . This paper chooses the Coates model [54] , [55] , which is currently more commonly applied to water-only pore structures. The simplest expression of permeability (K) is as follows:
where nmr is the porosity of the rock, FFI is the porosity index of the movable fluid, and BVI is the porosity index of the bound fluid. m, n, and C are model parameters. When the number of samples is insufficient, the empirical values are 4, 2, and 10 [56] . It is also related to the bound fluid porosity 1 and the movable fluid porosity 2 as follows: The evolution process of the permeability of two marbles is shown in Figure 9 . The cyclic impact Result in reduced permeability from 5.428 × 10 −4 mD to 0.535 × 10 −4 mD for fine-grained marble, and the coarse-grained marble is reduced from 0.881 × 10 −4 mD to 0.007 × 10 −4 mD, which the reductions are 90.14% and 99.21%. On the order of magnitude, the permeability of the two marbles after the cyclic shock is reduced by one and two orders of magnitude, respectively. It indicates that the permeability of marble is greatly reduced. The literature [57] shows that the main mechanisms leading to the loss of rock connectivity are (1) microcrack closure (2) pore shrinkage and (3) bond failure between connected pores, and permeability reduction is caused by the combination of these mechanisms.
From the T 2 spectrum change of Figure 4 and the pore classification comparison analysis of Fig. 8 , it can be seen that the permeability reduction of fine-grained marble is mainly microcrack and macropores closure before the second impact, and it is dominant in pore compressibility and loss of connectivity after the second impact. However, due to the lesser quantity of pores and the relatively large pore size between the crystal lattices in the coarse-grained marble, the dominant effect of the decrease in permeability is changed from microcrack and macro-hole closure to pore compression only after the fifth impact. It can be seen that pore compression and connectivity loss have the most significant effect on permeability reduction for fine-grained marble, while the decrease in permeability of coarse-grained marble is mainly caused by microcracks and macropores closure.
E. MRI ANALYSIS
The NMR test can not only analyze the microstructural changes of the rock by taking variables such as porosity, pore size distribution, T 2c value and permeability, but also can be imaged to reveal the mesoscopic changes more intuitively. Magnetic resonance imaging can obtain a two-dimensional distribution of the pore structure inside the rock, which can visually reveal the changes in the pore structure. Figure 10 shows the pore structure evolution of fine-grained marble and the MRI image of the standard oil sample. The black area in the figure is the background and the internal solid structure of the rock. The brightness of the pixel is directly related to the signal intensity of the water in the detected pore. In contrast, there are a large number of hydrogen nuclei in the oil sample, so the detected signal is extremely strong, the image is a continuum with a distinct color gradation. The pore structure in marble is less, so the scattered spots are detected. The green, yellow and red spots indicate that the water signal intensity increases in turn, that is, when the pores in the three-dimensional space are projected into the two-dimensional space, the degree of superposition of the pores is much when the pores projected into the two-dimensional space. A larger spot indicates a larger pore size, and a smaller one indicates a smaller pore size.
It can be seen from the NMR image that the marble has changed significantly before and after the dynamic impact: the number of spots is more and the brightness is large before the dynamic impact. After 6 cycles of impact, the detected signal is obviously weakened, and the color area in the image becomes darker. This indicates that the size of the pores in the marble after the dynamic impact is smaller and the porosity is reduced. It can be seen that even within the elastic deformation limit range, the microstructural deformation inside the marble is unrecoverable after being subjected to the dynamic impact, and the MRI test results are consistent with the porosity test results.
IV. CONCLUSION
In this paper, two kinds of marbles with the same composition but different grain sizes were selected. The SHPB system was used to carry out cyclic dynamic impact experiments on marble with 0.3MPa impact pressure, and the NMR instrument was used to detect the damage of marble after each impact. This study provided the gradual evolution characteristics of the microstructure under the cyclical dynamic impact. The main achievements are as follows:
a) Under the dynamic impact of the cycle, the microstructure changes of the two different marbles have the same trend. It can be seen from the T 2 spectral distribution and the pore size distribution that the change trend is that the pore size is reduced overall and the micropores are closed. Thus, the porosity is gradually reduced and the rock structure becomes dense. b) According to the pore size and the fluidity of the fluid in the pores, the pores in the marble are classified into two categories. The two pore classification methods have a certain correspondence, that is, in the natural state, the macropores and most of the mesopores are movable fluid pores, I-micropores, II-micropores and a few mesopores are bound fluid pores. As the impact effect is increased, the pore volume and the movable fluid pore volume continue to decrease due to the decrease in pore size. However, due to the loss of pore connectivity caused by the impact, the volume change of the movable fluid pores is larger than that of the macropores. Finally, all the mesopores and some macropores become the bound fluid pores, and the permeability of the marble is weakened.
c) The main factors affecting rock permeability are pore size and pore connectivity. The change of pore connectivity can be effectively characterized by the change ratio of T 2c . Due to the effect of the impact stress wave, the T 2c value of marble increases gradually. The loss of pore connectivity caused by cyclic impact in fine-grained marble is larger than that of coarse-grained marble. Moreover, for rocks with the same mineral composition, the magnitude of the T 2c is positively correlated with the number of pores within the rock.
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